
References
  1. Zhao G, Gu X, Lu X, Pan J, Duan Z, Zhao K, et al. Novel  

reassortant highly pathogenic H5N2 avian influenza viruses  
in poultry in China. PLoS One. 2012;7:e46183.  
http://dx.doi.org/10.1371/journal.pone.0046183

   2. Lee YJ, Kang HM, Lee EK, Song BM, Jeong J, Kwon YK, et al. 
Novel reassortant influenza A(H5N8) viruses, South Korea, 2014. 
Emerg Infect Dis. 2014;20:1087–9. http://dx.doi.org/10.3201/
eid2006.140233

  3. Zhou LC, Liu J, Pei EL, Xue WJ, Lyu JM, Cai YT, et al.  
Novel avian influenza A(H5N8) viruses in migratory birds,  
China, 2013–2014. Emerg Infect Dis. 2016;22:1121–3.  
http://dx.doi.org/10.3201/eid2206.151754

  4. Wu H, Peng X, Xu L, Jin C, Cheng L, Lu X, et al. Novel  
reassortant influenza A(H5N8) viruses in domestic ducks,  
eastern China. Emerg Infect Dis. 2014;20:1315–8.  
http://dx.doi.org/10.3201/eid2008.140339

  5. Jeong J, Kang HM, Lee EK, Song BM, Kwon YK, Kim HR,  
et al. Highly pathogenic avian influenza virus (H5N8) in  
domestic poultry and its relationship with migratory birds in  
South Korea during 2014. Vet Microbiol. 2014;173:249–57.  
http://dx.doi.org/10.1016/j.vetmic.2014.08.002

  6. Marchenko VY, Susloparov IM, Kolosova NP, Goncharova NI, 
Shipovalov AV, Durymanov AG, et al. Influenza A(H5N8) virus 
isolation in Russia, 2014. Arch Virol. 2015;160:2857–60.  
http://dx.doi.org/10.1007/s00705-015-2570-4

  7. Lee DH, Torchetti MK, Winker K, Ip HS, Song CS, Swayne DE. 
Intercontinental spread of Asian-origin H5N8 to North America 
through Beringia by migratory birds. J Virol. 2015;89:6521–4. 
http://dx.doi.org/10.1128/JVI.00728-15

  8. Olsen B, Munster VJ, Wallensten A, Waldenström J, Osterhaus AD,  
Fouchier RA. Global patterns of influenza a virus in wild birds.  
Science. 2006;312:384–8. http://dx.doi.org/10.1126/science.1122438

  9. Florin Beltran M. Uvs Nuur Lake. In: Biomes and ecosystems. 
Amenia (NY): Salem Press; 2013. p. 1260–1

10. Sharshov K, Silko N, Sousloparov I, Zaykovskaya A,  
Shestopalov A, Drozdov I. Avian influenza (H5N1) outbreak 
among wild birds, Russia, 2009. Emerg Infect Dis. 2010;16:349–
51. http://dx.doi.org/10.3201/eid1602.090974

Address for correspondence: Alexander Shestopalov, 630117, Timakova St., 
Bldg. 2, Room 9-155, Novosibirsk, Russia; email: shestopalov2@ngs.ru

Detection of Vaccinia Virus in 
Urban Domestic Cats, Brazil

Galileu Barbosa Costa, Júlia Bahia Miranda, 
Gregório Guilherme Almeida, Jaqueline Silva  
de Oliveira, Mariana Siqueira Pinheiro,  
Stefanne Aparecida Gonçalves,  
Jenner Karlisson Pimenta dos Reis,  
Ricardo Gonçalves, Paulo César Peregrino 
Ferreira, Cláudio Antônio Bonjardim,  
Jônatas Santos Abrahão, Erna Geessien Kroon, 
Giliane de Souza Trindade

Author affiliation: Universidade Federal de Minas Gerais,  
Belo Horizonte, Brazil 

DOI: http://dx.doi.org/10.3201/eid2302.161341

We investigated possible vaccinia virus (VACV) in urban 
house cats in Brazil. Serum samples from 6 cats were 
positive for VACV by PCR, indicating likely VACV circula-
tion among house cats in urban areas of Brazil. This finding 
highlights the importance of epidemiologic surveillance to 
avoid outbreaks among urban human populations.

Vaccinia virus (VACV) outbreaks, first reported in 
Brazil in 1999, affect dairy cattle and humans in ru-

ral areas (1). Although studies have shown evidence of 
VACV circulation among several mammal species (1–3), 
no consensus exists regarding the role of these animals 
in the VACV transmission chain or which animal is  
the natural reservoir. In fact, domestic or wild mam-
mals could be asymptomatic hosts and also contribute to  
VACV transmission (3).

In contrast to VACV, cowpox virus (CPXV) circulates 
in urban environments in Europe but also in surrounding 
wild and rural areas (4). CPXV is transmitted to humans 
mainly by cats, which play a link between the natural res-
ervoirs and humans in the urban environment (4,5). In cats, 
the clinical course of CPXV infection varies from no symp-
toms to widespread skin necrotic lesions and can ultimately 
lead to death (6). Some studies have shown serologic evi-
dence of orthopoxvirus infection in cats from Europe and 
have addressed the role of these animals in orthopoxvirus 
transmission to humans (7,8).

Because VACV and CPXV share some epidemiologic 
features and cats have a prominent role in the urban CPXV 
transmission chain, we decided to investigate whether ur-
ban domestic cats have evidence of exposure to VACV in 
Brazil. This study was approved by the Animal Experi-
ments Committee of the Universidade Federal de Minas 
Gerais (registration protocol 315/2014). 

We performed a retrospective study of serum samples 
from 277 house cats, collected during September 2012–De-
cember 2014 in 5 states in Brazil (online Technical Appen-
dix Figure 1, https://wwwnc.cdc.gov/EID/article/23/2/16-
1341-Techapp1.pdf). The states in this study were those 
whose veterinary clinics agreed to submit samples. We 
screened serum samples for neutralizing antibodies by 
using a >70% plaque-reduction neutralization test (9). To  
detect VACV DNA in serum samples, we performed real-
time PCR targeting the C11R and A56R genes (9). We 
directly sequenced A56R fragments in both orientations 
and in triplicate by using the Mega-BACE sequencer (GE 
Healthcare, Buckinghamshire, UK). We used ClustalW 
(http://www.genome.jp/tools/clustalw) and MEGA7 soft-
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ware (http://www.megasoftware.net) to align nucleotide 
sequences and construct a phylogenetic tree (neighbor-
joining method with 1,000 bootstraps).

The cats’ ages ranged from 3 months to 15 years; 150 
(54.2%) of the cats were female. Thirteen cats (4.7%) had 
outdoor access, and 37 (13.4%) were admitted to the vet-
erinary clinic for >1 night. Some cats had clinical illness in-
consistent with orthopoxvirus infection, which can overlap 
with other common dermatologic diseases affecting cats 
(online Technical Appendix Table). Most (8/53 [15.1%]) 
seropositive cats were from the Pampulha region of the 
city of Belo Horizonte (Minas Gerais State) (online Tech-
nical Appendix Figure 1), followed by the eastern region of 

the city. We detected neutralizing antibodies in 16 animals 
(5.8%), with titers ranging from 100 to 1,600 neutralizing 
units/mL; of these, 13 (4.7%) were positive for C11R gene 
and 6 for A56R gene (online Technical Appendix Table). 
Alignment of the A56R fragments showed high similar-
ity to the homologous gene of VACV isolates from Brazil 
(online Technical Appendix Figure 1). For the phylogenetic 
tree, we grouped sequences with VACV group 1 and 2 iso-
lates (Figure).

We describe evidence of VACV circulation in cats in an 
urban environment in Brazil. Many studies have attempted 
to elucidate VACV outbreaks and risk factors in rural and 
wild areas (1–3). Our findings reveal a seropositivity rate of 
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Figure. Phylogenetic tree 
constructed based on nucleotide 
sequences of orthopoxvirus A56R 
(hemagglutinin) genes detected 
in serum samples of 6 house 
cats house cats with neutralizing 
antibodies for vaccinia virus, Belo 
Horizonte, Brazil, September 
2012–December 2014. The 
tree was constructed with A56R 
gene sequences by using the 
neighbor-joining method with 
1,000 bootstrap replicates and 
the Tamura 3-parameter model in 
MEGA7 (http://www.megasoftware.
net). Asterisks indicate group 1 
vaccinia virus isolates (nonvirulent 
strains) detected in 2 cats. Black 
circles indicate group 2 vaccinia 
virus isolates (virulent strains) 
detected in 4 cats. Numbers along 
branches are bootstrap values. 
GenBank accession numbers 
are shown for reference isolates. 
Scale bar indicates nucleotide 
substitutions per site.



5.8%, which is lower than the rate observed in a previous 
study from Norway (8) and higher than the rate observed 
in a study of cats in Austria (7). Notably, the Pampulha 
region, where most seropositive animals were detected, 
corresponded to areas of relatively low elevation that fea-
ture houses with green areas, cottage houses, and ecologic 
parks, with forested areas making up the remaining portion 
of the land (online Technical Appendix Figure 1). 

Recent data from our research group revealed that capy-
baras (Hydrochoerus hydrochaeris) from the Pampulha re-
gion tested positive for VACV (10). These data, corroborated 
by molecular detection of VACV groups 1 and 2 in house 
cats from Belo Horizonte, further indicate the presence of 
VACV in an urban environment (online Technical Appendix 
Figure 2). In this study, PCR-positive cats showed no clinical 
signs that would indicate orthopoxvirus infection at the time 
of sample collection (online Technical Appendix Table), un-
like what was observed among cats infected with CPXV in 
Europe (4,5). Furthermore, cats 4, 10, and 15 (online Techni-
cal Appendix Table), in which we detected ongoing VACV 
DNA, had no clinical signs. Although we detected group 2 
VACV (virulent strains) in 4 samples, our findings corrobo-
rate the results of Bennett et al. (6), which showed that cats 
infected with VACV had asymptomatic infection. 

Limitations of our study include selection bias of 
animals; it was not possible to use a convenience sample 
from the 5 Brazilian states. We were also unable to obtain 
detailed clinical information of all animals and unable to 
collect additional clinical samples to better understand the 
clinical course of VACV infection in cats. In Brazil, no 
records of VACV-like detection in urban populations are 
available, despite the fact that VACV was recently found in 
urban areas (10). In fact, potential sources of infection for 
cat populations (e.g., small rodents) should be considered. 
Cats could possibly seroconvert without the onset of classi-
cal illness. Hence, VACV could be circulating in cats from 
urban environments. The potential role of cats in infecting 
humans should be investigated further to determine wheth-
er VACV can emerge in urban human populations and pose 
a threat to public health.

Acknowledgments
We thank Associação Bichos Gerais, who provided some cat 
serum samples from Belo Horizonte. We also thank colleagues 
from the Laboratório de Vírus (ICB-UFMG) for their excellent 
technical support. 

Financial support was provided by the Conselho Nacional  
de Desenvolvimento Científico e Tecnológico (CNPq),  

Coordenação de Aperfeiçoamento de Pessoal de Nível  
Superior (CAPES), Fundação de Amparo à Pesquisa do Estado 
de Minas Gerais (FAPEMIG), and Pró-Reitoria de Pesquisa/
UFMG (PRPq). C.A. Bonjardim, J.S. Abrahão, E.G. Kroon, 
J.K.P. Reis, and G.S. Trindade are researchers from CNPq.

Mr. Costa is a PhD candidate in biomedicine at the 
Laboratório de Vírus, Microbiology Department, Instituto  
de Ciências Biológicas, Universidade Federal de 
Minas Gerais. His research is focused on the diagnosis, 
epidemiology, control, and prevention of orthopoxviruses  
and other emerging viruses.

References
  1. Kroon EG, Mota BE, Abrahão JS, da Fonseca FG, de Souza  

Trindade G. Zoonotic Brazilian vaccinia virus: from field to 
therapy. Antiviral Res. 2011;92:150–63. http://dx.doi.org/10.1016/j.
antiviral.2011.08.018

  2. Peres MG, Bacchiega TS, Appolinário CM, Vicente AF,  
Allendorf SD, Antunes JM, et al. Serological study of vaccinia 
virus reservoirs in areas with and without official reports of 
outbreaks in cattle and humans in São Paulo, Brazil. Arch Virol. 
2013;158:2433–41. http://dx.doi.org/10.1007/s00705-013-1740-5

  3. Peres MG, Barros CB, Appolinário CM, Antunes JM, Mioni MS, 
Bacchiega TS, et al. Dogs and opossums positive for vaccinia 
virus during outbreak affecting cattle and humans, São Paulo State, 
Brazil. Emerg Infect Dis. 2016;22:271–3. http://dx.doi.org/10.3201/
eid2202.140747

  4. Essbauer S, Pfeffer M, Meyer H. Zoonotic poxviruses.  
Vet Microbiol. 2010;140:229–36. http://dx.doi.org/10.1016/j.
vetmic.2009.08.026

  5. Carletti F, Bordi L, Castilletti C, Di Caro A, Falasca L, Gioia C,  
et al. Cat-to-human orthopoxvirus transmission, northeastern Italy. 
Emerg Infect Dis. 2009;15:499–500. http://dx.doi.org/10.3201/
eid1503.080813

  6. Bennett M, Gaskell RM, Gaskell CJ, Baxby D, Kelly DF.  
Studies on poxvirus infection in cats. Arch Virol. 1989;104:19–33. 
http://dx.doi.org/10.1007/BF01313805

  7. Nowotny N. Serologic studies of domestic cats for potential  
human pathogenic virus infections from wild rodents [in German]. 
Zentralbl Hyg Umweltmed. 1996;198:452–61.

  8. Tryland M, Sandvik T, Holtet L, Nilsen H, Olsvik O, Traavik T. 
Antibodies to orthopoxvirus in domestic cats in Norway. Vet Rec. 
1998;143:105–9. http://dx.doi.org/10.1136/vr.143.4.105

  9. Geessien Kroon E, Santos Abrahão J, de Souza Trindade GS,  
Pereira Oliveira G, Moreira Franco-Luiz AP, Barbosa Costa G,  
et al. Natural vaccinia virus infection: diagnosis, isolation, 
and characterization. Curr Protoc Microbiol. 2016;42:14A.5.
1–14A.5.43. http://dx.doi.org/10.1002/cpmc.13

10. Dutra LA, de Freitas Almeida GM, Oliveira GP, Abrahão JS,  
Kroon EG, Trindade GS. Molecular evidence of Orthopoxvirus 
DNA in capybara (Hydrochoerus hydrochaeris) stool samples. 
Arch Virol. 2016. http://dx.doi.org/10.1007/s00705-016-3121-3

Address for correspondence: Giliane de Souza Trindade, 6627 Avenida 
Presidente Antônio Carlos, Pampulha, Belo Horizonte – MG, 31270-901, 
Brazil; email: giliane@icb.ufmg.br

362 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No. 2, February 2017

RESEARCH LETTERS



 

Page 1 of 3 

Article DOI: http://dx.doi.org/10.3201/eid2302.161341 

Detection of Vaccinia Virus in Urban 
Domestic Cats, Brazil 

Technical Appendix. 

Technical Appendix Table. Diagnostic results for 16 house cats with neutralizing antibodies for vaccinia virus, Belo Horizonte, 
Brazil, September 2012–December 2014* 

Cat PRNT70 titer (NU/mL) 
qPCR 
C11R qPCR A56R† VACV strain Clinical signs 

1 1:320 (800) + + VACV-BR group 2 Urethral obstruction 
2 1:40 (100) + – – FeLV+ 
3 1:40 (100) + – – Hepatic lipidosis 
4 1:160 (400) + + VACV-BR group 1 None 
5 1:320 (800) – – – Hepatic lipidosis 
6 1:160 (400) + – – None 
7 1:320 (800) + + VACV-BR group 2 Urethral obstruction 
8 1:40 (100) – – – FIV+ 
9 1:160 (400) + – – None 
10 1:640 (1,600) + + VACV-BR group 2 None 
11 1:80 (200) – – – Sporotrichosis 
12 1:80 (200) + + VACV-BR group 1 Mycoplasma haemofelis 
13 1:40 (100) + – – None 
14 1:640 (1,600) + – – Dipylidium caninum 
15 1:640 (1,600) + + VACV-BR group 2 None 
16 1:40 (100) + – – Uncharacterized skin lesions 
*BR, Brazil; FeLV, feline leukemia virus; FIV, feline immunodeficiency virus; NU, neutralizing units; qPCR, real-time PCR; PRNT70, >70% plaque-
reduction neutralization test; VACV, vaccinia virus; +, positive; –, negative. 
†Fragment sequenced. 
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Technical Appendix Figure 1. Map of Brazil highlighting studied areas in black. A) The 5 states in which 

house cats were sampled. N indicates the number of sampled house cats. B) Map of Belo Horizonte city 

(located in Minas Gerais State), where most of the house cats were sampled. The map shows the regions 

in Belo Horizonte including Pampulha and eastern regions. The numbers indicate the number of house 

cats sampled. Seropositive cats indicated with parentheses. C) Characteristics of Pampulha region. D) 

Characteristics of eastern regions, respectively. 
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Technical Appendix Figure 2. Nucleotide sequence of the vaccinia virus (VACV)–positive domestic cats 

A56R (hemagglutinin) genes (green) compared with homologous sequences of several other 

orthopoxviruses, Belo Horizonte, Brazil, September 2012–December 2014. Strains had the deletion 

region (red) conserved and were grouped with other VACVs (group 1 and 2) isolated in Brazil. The 

sample from Cat_1 showed 1 polymorphism (C–A) compared with other VACV isolates. 


